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Abstrat
We have analyzed the breakdown of global supersymmetry by a non-vanishing expetation
value of the fth omponent of the graviphoton on warped S1/Z2 orbifolds. It has been demon-
strated that the setups where suh a breakdown is possible orrespond to the models where the
true gauge symmetry on the orbifold, respeting the Z2parities and periodiity, is broken by
boundary terms. In the tuned models, giving RandallSundrum warp fator, gauge symmetry
stays intat, and any 〈A5〉 an be gauged away without violating supersymmetry.
Otober 2003
1 Introdution
Brane-bulk supergravities generalize the onept of supersymmetry to setups ombining de-
grees of freedom that propagate in subspaes of various dimensionalities, sometimes spatially
disonneted [1℄[4℄. They provide onsistent eldtheoreti framework for the disussion of
important aspets of modern string theory physis. Most importantly, with supergravities that
inlude lower dimensional branes it is possible to study reliably supersymmetry breakdown
and its transmission between various setors of a model. In this note we shall disuss a lass
of warped (gauged) supergravities with a non-zero bakground of the fth omponent of the
graviphoton swithed on. It turns out that suh a bakground typially breaks supersymme-
try ompletely leading to fourdimensional AdS4 models with no supersymmetri vaua. The
exeptional ase is that of the models with tuned brane tensions orresponding to the Randall
Sundrum warped geometry. There the 〈A5〉 doesn't break supersymmetry. In the present paper
we disuss several examples with various sets of boundary onditions, in partiular the ones
that orrespond to superbigravities. We also disuss in detail and larify the relation between
the original U(1) gauge invariane that has been instrumental in the onstrution of the warped
supergravities, and the breaking of supersymmetry by non-zero 〈A5〉. It turns out that often in
order to supersymmetrize the branebulk Lagrangian one needs to sarie the original gauge
invariane. These are preisely the ases where it is possible to break supersymmetry assuming
non-vanishing 〈A5〉. One an think of suh ongurations as of the `would-be' Wilson lines of
the broken gauge symmetry. Supersymmetry breakdown due to boundary onditions has been
addressed by a number of papers [5℄[13℄. In fat, the interesting point is that eventually the
origin of supersymmetry violation indued by non-zero 〈A5〉 an be traed bak to fermioni
boundary onditions given by boundary mass terms of gravitini. The boundary masses are
supersymmetry singlets, whereas boundary superpotentials, or boundary gaugino ondensates,
whih have been identied earlier as soures of supersymmetry violation, do transform under
supersymmetry.
2 Setup
To begin with, let us briey summarize the branebulk superbigravity Lagrangian, onstruted
in [10℄. The simple N=2 d=5 supergravity multiplet ontains metri tensor (represented by the
vielbein emα ), two gravitini Ψ
A
α and one vetor eld Aα  the graviphoton. We shall onsider
gauging of a U(1) subgroup of the global SU(2)R symmetry of the 5d bulk Lagrangian. One
adds to the initial bulk Lagrangian boundary terms that inlude brane tensions and/or gravitini
mass terms on eah brane. The 5d ation desribing suh a setup reads S =
∫
M5
(Lbulk+Lbrane),
where
e−15 Lbulk =
1
2
R − 3
4
FαβFαβ − 1
2
√
2
AαFβγFδǫǫαβγδǫ
−1
2
Ψ¯Aαγ
αβγDβΨγA +
3i
8
√
2
(
Ψ¯Aγ γ
αβγδΨδA + 2Ψ¯
αAΨβA
)
Fαβ
− i√
2
PABΨ¯AαγαβΨBβ −
8
3
Tr(P2) (1)
2
and
Lbrane =
∑
i
e4δ(y − yi)
(−λi − Ψ¯Aµγµν(Mi + γ5M¯i) BA ΨνB) . (2)
The Mi, M¯i are onstant matries, symmetri in the sympleti indies, that denote gravi-
tini mass terms on the brane at the xed point yi. The ovariant derivative ontains both
gravitational and gauge onnetions:
DαΨ
A
β = ∇αΨAβ + AαPABΨBβ , (3)
where P = Pa iσa is the gauge prepotential. The pair of gravitini satises sympleti Majorana
ondition Ψ¯A ≡ Ψ†Aγ0 = (ǫABΨB)TC where C is the harge onjugation matrix and ǫAB is
the antisymmetri SU(2)R metri (we use the onvention ǫ12 = ǫ
12 = 1). Supersymmetry
transformations inlude singular terms proportional to the delta funtions
δemα =
1
2
η¯AγmΨαA , δAα = − i
2
√
2
Ψ¯AαηA , (4)
δΨAα = Dαη
A − i
4
√
2
(
γ βγα − 4δ βα γγ
)FβγηA +
√
2i
3
PABγαηB
+ǫ−1(y)δ 5α
∑
i
aiδ(y − yi)(Qi − γ5δ)ABγ5ηB, (5)
where ai = 1 if the orbifold step funtion ǫ(y) `jumps up' at the xed point yi, or ai = −1 if
it `jumps down'. The Qi denotes Z2 parity operator ating loally on the gravitini setor
1
as
follows:
ΨAµ (yi − y) = γ5(Qi)ABΨBµ (yi + y) , ΨA5 (yi − y) = −γ5(Qi)ABΨB5 (yi + y) . (6)
The sympleti Majorana ondition and the normalization (Qi)
2 = 1 imply Qi = (qi)aσ
a
, where
(qi)a are real parameters.
In the general ase [5℄ one an write down the prepotential as follows: P = gRǫ(y)R+ gSS,
where R = ra iσa ommutes and S = sa iσa antiommutes with eah Qi.
The losure of the supersymmetry algebra provides relations between parameters of the
boundary Lagrangian and the prepotential:
0 = δ(y − yi)Ψ¯Aµγµ
[
(Mi − γ5M¯i) BA P CB + ai
1
2
ǫ−1(y)P BA (Qi + γ5δ) CB + aigRγ5R CA
+
i
4
√
2
λiδ
C
A + ai
i
4
√
2
λiǫ(y)
(
γ5(Mi)
C
A − (M¯i) CA
)
+
i
4
√
2
λi
(
1
2
γ5(Qi)
C
A +
1
2
δ CA
)]
ηC . (7)
Let us assume the prepotential of the form P BA = gi(σ1) BA and (Q0) BA = (Qπ) BA = (σ3) BA .
Let us allow only the even omponents of gravitini to have mass terms on the branes
(M0,π)
B
A =
1
2
α0,π(σ1)
B
A , (M¯0,π)
B
A =
1
2
iα0,π(σ2)
B
A . (8)
1
The parameters η
A
of the supersymmetry transformations obey the same boundary onditions as the 4d
omponents of gravitini.
3
Then the boundary onditions take the form
ǫ−1(y)δ(y)γ5(η−)A = −δ(y)α0(σ1)AB(η+)B ,
ǫ−1(y)δ(y − πrc)γ5(η−)A = δ(y − πrc)απ(σ1)AB(η+)B , (9)
where we have deomposed fermions into the even (+) and odd (−) omponents
(η±)
A =
1
2
(δ ± γ5σ3)ABηB . (10)
The equations (7) are satised, if
λ0 = −g4
√
2
2α0
1 + α20
, λπ = −g4
√
2
2απ
1 + α2π
. (11)
For g = 3
4
√
2k the bosoni part of the Lagrangian reads
S =
∫
d5x
√−g5(1
2
R + 6k2)− 6
∫
d5x
√−g4k(T0δ(y) + Tπδ(y − πrc)) , (12)
where T0,π = −2α0,π/(1 + α20,π). Note that |T0,π| ≤ 1. For T0 = −Tπ = 1 we obtain supersym-
metri Randall-Sundrum model, while for other values of T0,π we have AdS5 in the bulk with
AdS4 foliations (the superbigravity for example).
3 Supersymmetry breakdown
Let us assume a nonzero expetation value of A5. Let us solve Killing equation to hek whether
supersymmetry remains unbroken:
Dαη
A −
√
2i
3
PABγαηB − (δ(y)− δ(y − πrc)) ǫ−1(y)δ5α(δ − σ3γ5)ABηB = 0 . (13)
For the RS bakground (α0 = −απ = −1) we an write
0 = ∂µη
A
± −
1
2
kǫ(y)γµγ5η
A
∓ +
1
2
k(σ1)
A
Bγµη
B
± , (14)
0 = ∂5η
A
+ + ie(σ1)
A
Bη
B
− +
1
2
k(σ1)
A
Bγ5η
B
− , (15)
0 = ∂5η
A
− + ie(σ1)
A
Bη
B
+ +
1
2
k(σ1)
A
Bγ5η
B
+ − 2(δ(y)− δ(y − πrc))ǫ−1(y)ηA− , (16)
where e = g〈A5〉. The equation (14) is satised by ηA− = ǫ(y)γ5(σ1)ABηB+ , where we have assumed
that the Killing spinor doesn't depend on xµ. One an easily nd the solution of (15) and (16)
η1+ = e
− 1
2
(k+2ie)|y|ηˆR , η1− = ǫ(y)e
− 1
2
(k−2ie)|y|ηˆL ,
η2+ = −e−
1
2
(k−2ie)|y|ηˆL , η2− = ǫ(y)e
− 1
2
(k+2ie)|y|ηˆR , (17)
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where ηˆ is a fourdimensional Majorana spinor in at spae. Notie, that rst and seond
omponents of the Killing spinors have phases, whih are omplex onjugates of eah other. In
fat, this relation is required by the 5d Majorana ondition. Thus there exists a global unbroken
supersymmetry that gives rise to a at N=1 supergravity in 4d with susy preserving vaua.
Let us now turn to the detuned ase. As an example we onsider the superbigravity.
Taking
α0 = −cosh(kπrc/2)± 1
sinh(kπrc/2)
, απ = −cosh(kπrc/2)± 1
sinh(kπrc/2)
(18)
we obtain the bosoni ation of the 4d bigravity
S =
∫
d5x
√−g5(1
2
R + 6k2)− 6
∫
d5x
√−g4kT (δ(y) + δ(y − πrc)) , (19)
where k = 2
√
2
3
g and T = tanh(kπrc/2). Gravitational bakground does not admit a at 4d
Minkowski foliation, and the onsistent solution is that of AdS4 branes:
ds2 = a2(y)g¯µνdx
µdxν + dy2 , (20)
where
a(y) =
√
−Λ¯
k
cosh
(
k|y| − kπrc
2
)
, (21)
and g¯µνdx
µdxν = exp(−2
√
−Λ¯x3)(−dt2+ dx21+ dx22)+ dx23 is the fourdimensional AdS metri.
The radius of the fth dimension is determined in terms of the brane tensions
kπrc = ln
(
1 + T
1− T
)
. (22)
Normalization a(0) = 1 leads to the netuning relation Λ¯ = (T 2 − 1)k2 < 0.
Notie in (18), that we have two possibilities for the brane gravitini masses: α0 = 1/απ and
α0 = απ. In the rst ase vedimensional vauum spontaneously breaks all supersymmetries,
while in the seond N=1 supersymmetry is preserved. To justify this observation, let us assume
α0 = απ = −α, where
α =
cosh(kπrc/2)− 1
sinh(kπrc/2)
. (23)
Killing equations in the presene of a non-zero expetation value of the 〈A5〉 = e/g, take the
form
0 = ∇¯µηA± +
1
2
kǫ(y) tanh
(
k|y| − kπrc
2
)
γµγ5η
A
∓ +
1
2
k(σ1)
A
Bγµη
B
± , (24)
0 = ∂5η
A
+ + ie(σ1)
A
Bη
B
− +
1
2
k(σ1)
A
Bγ5η
B
− , (25)
0 = ∂5η
A
− + ie(σ1)
A
Bη
B
+ +
1
2
k(σ1)
A
Bγ5η
B
+ − 2(δ(y)− δ(y − πrc))ǫ−1(y)ηA− , (26)
5
where ∇¯µ denotes ovariant derivative with respet to the fourdimensional AdS geometry.
Note that the equations have imaginary oeients, hene we have to onsider omplex ampli-
tudes in the solution. The appropriate deomposition of the Killing spinors reads
ηA+ =
(
φ+(y)ηˆR
−φ⋆+(y)ηˆL
)A
, ηA− = ǫ(y)
(
φ⋆−(y)ηˆL
φ−(y)ηˆR
)A
, (27)
where ηˆ denotes the Killing spinor in the AdS4 whih satises:
(
∇¯µ − 12
√
−Λ¯γˆµ
)
ηˆ = 0 .
The equations (24),(25) and (26) an be solved by
φ+(y) = N cos (e|y|) cosh
(
k|y|
2
− kπrc
4
)
+ iN sin (e|y|) sinh
(
k|y|
2
− kπrc
4
)
,
φ−(y) = −N cos (e|y|) sinh
(
k|y|
2
− kπrc
4
)
− iN sin (e|y|) cosh
(
k|y|
2
− kπrc
4
)
, (28)
where N is a normalization onstant. One an easily hek that boundary onditions (9) are
satised only if
sin (eπrc)
cosh (kπrc/4)
= 0 , (29)
whih means that the 〈A5〉 bakground does not break supersymmetry for e = p/rc, where p is
an integer (p ∈ Z), or in the limit rc →∞, whih implies λ0/π → 6k.
4 Singular gauge transformations
Typially, espeially in models onsidered on S
1
, one an break supersymmetry by a non-zero
expetation value of A5. To see why the situation is more ompliated on an orbifold S
1/Z2,
let us attempt to go to the piture where 〈A5〉 = 0. We an try to do this using gauge
transformation of the form, [9℄,
ΨM −→ ePΩ(y)ΨM , η −→ ePΩ(y)η , (30)
with P BA = gi(σ1) BA , where we onsider the most general form of the transformation parameter
Ω(y) = ω(|y|)ǫ(y). Note, that in this paper by a gauge transformation we mean exlusively
transformations whih are `legal' on the orbifold, i.e. the ones whih are periodi and preserve
Z2parities of all elds. We will nd the expliit form of the Ω(y) requiring that δA5 = −e/g
and gauge invariane of the bulk plus brane ation.
To be onsistent with the `epsilon rules' (see [10℄), we have to require that gauge transfor-
mations do not hange the powers of the ǫ(y)
Ψ+A −→ Ψ+A + igωǫ−1(σ1) BA Ψ−B ,
Ψ−A −→ Ψ−A + igωǫ(σ1) BA Ψ+B . (31)
One an write the nite transformations as follows
Ψ±A −→
1
2
(δ ± γ5σ3) eigσ1ωǫΨA =
∞∑
n=0
(igω)2n
(2n)!
Ψ±A +
∞∑
n=0
(igω)2n+1
(2n+ 1)!
ǫ∓1σ1Ψ∓A
= cos (gω)Ψ±A + iǫ
∓1 sin (gω)σ1Ψ∓A . (32)
6
Notie, that in this ase we should treat eigσ1ωǫ not as a funtion of ǫ, but rather as a symboli
shorthand for the expression (32). If we restrit ourselves to the bulk Lagrangian, both forms
oinide. The dierene beomes important for the singular terms proportional to the δ(y)
funtion.
The Lagrangian variation under gauge transformations inludes:
1
2
(Ψ¯±)Aµγ
µνγ5∂5(Ψ∓)νA +
1
2
(Ψ¯±)Aµγ
µνγ5A5ig(σ1)
B
A (Ψ±)νB
−(Ψ¯+)Aµγµν(σ1) BA (Ψ+)νB (α0δ(y) + απδ(y − πrc)) −→
−→ 1
2
(Ψ¯±)
A
µγ
µνγ5∂5(Ψ∓)νA +
1
2
(Ψ¯±)
A
µγ
µνγ5igω′ǫ(σ1)
B
A (Ψ±)νB
±i cos (gω) sin (gω) (Ψ¯±)Aµγµνγ5σ1(Ψ±)νAǫ−1ǫ±1 (δ(y)− δ(y − πrc))
± sin2 (gω) (Ψ¯∓)Aµγµνγ5(Ψ±)νAǫ−1 (δ(y)− δ(y − πrc))
+
1
2
(Ψ¯±)Aµγ
µνγ5A5ig(σ1)
B
A (Ψ±)νB −
1
2
(Ψ¯±)Aµγ
µνγ5ie(σ1)
B
A (Ψ±)νB
− cos2 (gω) (Ψ¯+)Aµγµν(σ1) BA (Ψ+)νB (α0δ(y) + απδ(y − πrc))
− sin2 (gω) (Ψ¯−)Aµγµν(σ1) BA (Ψ−)νBǫ−2 (α0δ(y) + απδ(y − πrc))
∓i cos (gω) sin (gω) (Ψ¯±)Aµγµν(Ψ∓)νAǫ−1 (α0δ(y) + απδ(y − πrc)) . (33)
Gauge invariane in the bulk requires
ω′(y) =
e
g
ǫ(y) =⇒ ω(y) = e
g
|y| . (34)
One an verify, that suh a transformation removes imaginary phases in the solution (17).
It is worth notiing that in terms of the odd parameter Ω, the gauge transformation of the
A5 reads
A5 −→ A5 − ǫ∂5
(
Ωǫ−1
)
. (35)
One an hek that on the branes the Lagrangian is not gauge invariant for |α0,π| 6= 1, and
the unanelled variation reads
δL = i cos (gω) sin (gω) (Ψ¯+)Aµγµνγ5σ1(Ψ+)νA
(
(1− α20)δ(y)− (1− α2π)δ(y − πrc)
)
,
+ sin2 (gω) (Ψ¯−)Aµγ
µνγ5(Ψ+)νAǫ
−1 ((1− α20)δ(y)− (1− α2π)δ(y − πrc)) . (36)
The above variation vanishes for sin (gω(0)) = 0 and sin (gω(πrc)) = 0. The same onlusion
an be obtained in a dierent way. One an analyze the ation of gauge transformations on the
boundary onditions (9). These hange under the gauge transformation
η±A −→ cos (gω) η±A + iǫ∓1 sin (gω)σ1η∓A (37)
into
ǫ−1δ(y) cos (gω)γ5(η−)A + iδ(y) sin (gω) (σ1)ABγ5(η
+)B
= −δ(y)α0 cos (gω) (σ1)AB(η+)B − iǫ−1δ(y)α0 sin (gω) (η−)A ,
ǫ−1δ(y − πrc) cos (gω)γ5(η−)A + iδ(y − πrc) sin (gω) (σ1)ABγ5(η+)B
= δ(y − πrc)απ cos (gω) (σ1)AB(η+)B + iǫ−1δ(y − πrc)απ sin (gω) (η−)A . (38)
7
These boundary onditions are invariant under the gauge transformation if sin (gω(0)) = 0 and
sin (gω(πrc)) = 0, or for |α0,π| = 1. For the spei ω(y) given by (34) we obtain quantization
ondition for the allowed bakgrounds ep, whih singles out gauge transformations whih do
not hange boundary onditions:
ep = p/rc , (39)
where p ∈ Z. We an parametrize dierent lasses of the detuned models by a parameter
θ ∈ 〈0, 1
grc
) suh that for given α0,π the vauum expetation value of A5 equals 〈A5〉 = θ + pgrc ,
where p ∈ Z. Models belonging to the same lass are onneted to eah other by transformations
(37) with (34) and (39). For α0 = απ = −α the lass with unbroken N=1 supersymmetry is
labelled by θ = 0. One an hek that θ = 1
2grc
orresponds to the ipped superbigravity. The
redenition (an `illegal' gauge transformation)
η±A −→ cos
( |y|
2rc
)
η±A + iǫ
∓1 sin
( |y|
2rc
)
σ1η
∓
A , (40)
A5 −→ A5 − 1
2grc
(41)
transforms this model to the frame, where α0 = 1/απ = −α with 〈A5〉 = 0. In the same
way one an show that onguration α0 = 1/απ = −α with 〈A5〉 = 12grc orresponds, upon
the same redenition, to the onguration α0 = απ = −α with vanishing 〈A5〉, where N=1
supersymmetry is unbroken.
It is worth notiing that even for a funtion ω whih is independent of the fth oordinate,
the brane Lagrangian is not invariant under the gauge transformation as long as |α0| 6= 1 or
|απ| 6= 1, in fat even the global U(1) symmetry is expliitly broken. Supersymmetry breakdown
by a non-zero vauum expetation value of A5 an be understood as a onsequene of the expliit
breaking of the gauged U(1) symmetry. To be more expliit, let us assume that for some values
of the parameters α0, απ and 〈A5〉 = e/g, the N=1 supersymmetry stays unbroken, and that
there exists a Killing spinor whih satises boundary onditions generated by α0 and απ. Let
us imagine hoosing another expetation value of A5 (〈A5〉 = e′/g) suh that e′ − e 6= prc ,
where p ∈ Z. One an gauge-transform this model to the frame where 〈A5〉 = e/g. The bulk
Lagrangian is invariant under suh a transformation, hene the solution for the Killing spinor in
the bulk remains unhanged. However, the brane Lagrangian is not invariant and one obtains
dierent boundary onditions with α′0 6= α0 or α′π 6= απ (`prime' denotes parameters after the
transformation), whih are not satised by the bulk solution and, onsequently, supersymmetry
must be broken. On the other hand, in the `tuned' ase one an always gauge away the non-
zero vauum expetation value of A5, hene, if supersymmetry is unbroken for some 〈A5〉, this
implies that it remains unbroken for any 〈A5〉.
5 Supersymmetri Randall-Sundrum model with Z2-odd
prepotential
It is interesting to hek whether the same analysis an be repeated for the FLP model. Let
us take the prepotential P BA = giǫ(y)(σ3) BA and (Q0) BA = (Qπ) BA = (σ3) BA . We do not put any
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gravitini mass terms on the brane. The equations (7) redue to
λ0 = g4
√
2 , λπ = −g4
√
2 . (42)
For g = 3
4
√
2k we obtain the bosoni part of the Randall-Sundrum model.
Let us assume nonzero expetation value of A5 = e/g. Killing equation in the RS bakground
reads
0 = ∂µη
A
± −
1
2
kǫ(y)γµγ5η
A
∓ +
1
2
kǫ(y)(σ3)
A
Bγµη
B
∓ , (43)
0 = ∂5η
A
± + ieǫ(y)(σ3)
A
Bη
B
± +
1
2
kǫ(y)(σ3)
A
Bγ5η
B
± . (44)
The equation (43) implies ηA− = 0, where it has been assumed that the Killing spinor doesn't
depend on xµ. One an easily nd the solution for η
A
+
η1+ = e
− 1
2
(k+2ie)|y|ηˆR , η2+ = −e−
1
2
(k−2ie)|y|ηˆL , (45)
where ηˆ is a fourdimensional Majorana spinor in at spae.
Let us turn to the piture where 〈A5〉 = 0. We an do this using the gauge transformation
ΨM −→ ePΩ(y)ΨM , η −→ ePΩ(y)η . (46)
In this ase we do not fae problems with the singular terms, beause we do not onsider
gravitini mass terms on the brane and ∂5(e
PΩ(y)) does not produe δ(y) funtion (PΩ(y) is
even). So, we an simply write nite transformation as follows:
Ψ±A −→ eiǫgσ3ΩΨ±A , A5 −→ A5 −
e
g
. (47)
The Lagrangian variation under the U(1) gauge transformation inludes:
1
2
(Ψ¯±)Aµγ
µνγ5∂5(Ψ∓)νA +
1
2
(Ψ¯±)Aµγ
µνγ5A5iǫg(σ3)
B
A (Ψ∓)νB −→
−→ 1
2
(Ψ¯±)Aµγ
µνγ5∂5(Ψ∓)νA +
1
2
(Ψ¯±)Aµγ
µνγ5ig(ǫΩ)′(σ3) BA (Ψ∓)νB
+
1
2
(Ψ¯±)
A
µγ
µνγ5A5iǫg(σ3)
B
A (Ψ∓)νB −
1
2
(Ψ¯±)
A
µγ
µνγ5iǫe(σ3)
B
A (Ψ∓)νB , (48)
and gauge invariane requires
(ǫ(y)Ω(y))′ =
e
g
ǫ(y) =⇒ Ω(y) = e
g
ǫ(y)|y| , (49)
hene, one an gauge away non-zero vauum expetation value by a true gauge transformation.
One an hek, [12℄, that turning on non-zero gravitini masses on the branes while retain-
ing the Z2-odd prepotential, expliitly violates the U(1) (gauged and global) symmetry and,
therefore, in suh a ase it beomes possible to break supersymmetry by the expetation value
of A5.
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6 Summary
In this note we have analyzed supersymmetry breakdown by nonzero vauum expetation value
of A5 in vedimensional warped supergravities on the orbifold S
1/Z2. We have shown that
typially a wide lass of gauge transformations does not respet the boundary onditions (9),
and, equivalently, the brane ations are not invariant under suh transformations. As a on-
sequene, it is not always possible to gauge away a nonzero vauum expetation value of A5.
Under suh irumstanes supersymmetry is spontaneously broken and we an parametrize dif-
ferent lasses of models by the parameter θ ∈ 〈0, 1
grc
), suh that for given gravitini masses on
the branes the vauum expetation value of A5 is 〈A5〉 = θ+ pgrc for p ∈ Z. In the speial `tuned'
ase where |λ0| = |λπ| = 6k all gauge transformations respet boundary onditions and super-
symmetry remains unbroken for any value of 〈A5〉. One may say, that the expliit breaking of
the U(1) gauge invariane is neessary for supersymmetry breakdown by 〈A5〉. It is interesting
to notie that the origin of supersymmetry violation an be traed bak to fermioni boundary
onditions given in terms of boundary mass parameters of gravitini, whih are supersymmetry
singlets, whereas boundary superpotentials known to play a similar role do transform under
supersymmetry variations.
When this work was at the nal stage of preparation, the very interesting paper [12℄ ap-
peared, where the issue of supersymmetry breakdown by Wilson lines on warped S1/Z2 has
been disussed.
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